Introduction Hypoparathyroidism is the most common complication following thyroidectomy. There are few population-based reports on the rate of hypoparathyroidism in children. The incidence of medical treatment of permanent hypoparathyroidism in children is reported using a national registry. Methods The study population included patients below 18 years of age undergoing total thyroidectomy reported to the Scandinavian Quality Registry for Thyroid, Parathyroid and Adrenal Surgery 2004-2014. Patients with previous thyroid or parathyroid surgery or treatment with vitamin D before surgery were excluded from analysis. Permanent postoperative hypoparathyroidism was defined as treatment with vitamin D for more than 6 months after thyroidectomy. Risk factors for permanent hypoparathyroidism were calculated with uni-and multivariable logistic regression. Using data from the Swedish Inpatient Registry, rates of readmissions and annual number of days in hospital after total thyroidectomy were compared between patients with and without permanent hypoparathyroidism. Results Some 274 children (215 girls and 59 boys) underwent total thyroidectomy. The median age was 14 (range 0-17) years. Indications for surgery were Graves' disease (214, 78.1%), other benign disease (27, 9.9%) and thyroid cancer (33, 12%). Median follow-up was 4.8 years. Twenty (7.3%) children developed permanent hypoparathyroidism. No statistically significant risk factors for permanent hypoparathyroidism were identified. Rates of readmission and annual number of days in hospital after discharge were similar in patients with and without permanent hypoparathyroidism. Conclusions The rate of permanent hypoparathyroidism following total thyroidectomy in children was high and is a cause of concern.
Introduction
Hypocalcemia is the most common complication after total thyroidectomy [1] [2] [3] . Reports have shown that pediatric patients undergoing thyroid surgery have higher incidence of complications compared to adults even in high-volume centers [4] [5] [6] [7] . Few population-based register studies have described the rate of postoperative permanent hypocalcemia and the consequences of this condition in children. One population-based study on thyroid cancer has indicated very high frequency of permanent hypoparathyroidism following thyroid surgery in children [8] .
It was hypothesized that the rate of permanent hypocalcemia following total thyroidectomy in children would be more accurately analyzed by combining data from national registries. Additionally, this study evaluated the rates of readmission and annual number of days in hospital after discharge. The outcome after thyroidectomy in Swedish children registered in the Scandinavian Quality Register for Thyroid, Parathyroid and Adrenal Surgery (SQRTPA), the Swedish National Registry for Prescribed Drugs, and the Swedish National Inpatient Register were studied.
Methods

Data sources
SQRTPA
The Scandinavian Quality Registry for Thyroid, Parathyroid and Adrenal Surgery (SQRTPA, www.sqrtpa.se) started in 2004 and is recognized by the Swedish National Board for Health and Social Welfare as the national quality registry for endocrine surgical procedures in Sweden. Data are entered online prospectively by the surgeon or a specialized nurse. Currently, 36 Swedish units report to the registry, covering almost 100% of all thyroid procedures in Sweden [2, 9] . Coverage is assessed by calculating the proportion of patients registered in SQRTPA in relation to those registered in the Swedish National Patient register. Data quality for the registered patients is evaluated by external audit and by comparing registered data to hospital medical records. The audit has demonstrated good data quality, with an error rate of \5% [9] .
Swedish National Registry for Prescribed Drugs
The Swedish Prescribed Drug Register (SPDR) was launched in 2005 and contains information about age, sex and unique identification of the patient, Anatomical Therapeutic Chemical (ATC) Classification Code, drug dose, package size, date for prescription, day when the drug was bought at the pharmacy, as well as the prescriber's profession and practice. The data are entered in an automatical fashion by direct transfer from the computer record. The prescribed drugs included in the register, accounted for 84% of the total utilization [10] .
The Swedish National Patient register
As of 1987, the Swedish National patient register (NPR) includes all in-hospital patient care in Sweden. The number of surgical procedures and diagnoses at all hospitals in Sweden can be retrieved from this register. Data are entered by direct transfer from computer record system in each county. Underreporting for inpatient data has been estimated to less than one percent [11] .
Study cohort
Patients below the age of 18 operated with total thyroidectomy January 1, 2004 to December 31, 2014 were identified in the SQRTPA.
The primary endpoint was the incidence of permanent postoperative hypoparathyroidism defined as medication with active vitamin D for more than 6 months after thyroidectomy in the SPDR.
Exclusion criteria were previous thyroid and parathyroid surgery and ongoing treatment with vitamin D at the time of surgery. Permanent hypoparathyroidism was defined as prescription and expedition of active vitamin D (dihydrotachysterol, ATC A11CC02, alfacalcidol, ATC A11CC03 or calcitriol, ATC A11CC04) in the first 180 days after surgery and any time after 180 days after surgery. Data on age, sex, indication for thyroidectomy, and lymph node dissection, number of identified parathyroid glands, parathyroid auto transplantation, operation time, thyroid specimen weight, and serum calcium at discharge and at 6 weeks postoperatively were retrieved. Surgical volume and the number of in-patient events including the diagnosis were extracted from the NPR.
Hospital volume of thyroid surgery was defined as low when less than 50 operations were done per year, median when 50-100, and high when more than 100 thyroid operations were performed annually.
Statistical analysis
Descriptive statistics were performed, and results calculated as medians with interquartile ranges (IQR) and numbers with column percentages. Differences between groups were evaluated with Mann-Whitney and Chi-square or Fishers exact test, where appropriate.
The risk of permanent hypoparathyroidism was investigated with uni-and multivariable logistic regression, yielding odds ratios (OR) with 95 percent confidence intervals (CI). The multivariable model included factors deemed to potentially affect risk of hypoparathyroidism: age at surgery (continuous), sex, hospital volume in categories, type of thyroid disease, number of identified parathyroid glands, parathyroid auto transplantation (yes or no), operation time (in categories), thyroid specimen weight (in categories) and whether lymph node dissection was performed or not. All statistical analyses were made using STATA version 12 (StataCorp LP, College station, USA).
Ethical considerations
The ethical committee at Lund University approved the study (2011/740, 2015/543 and 2016/83). Table 1 . There were no statistically differences regarding age, type of thyroid disease, autotransplantation of parathyroid glands, lymph node surgery, thyroid specimen weight, length of hospital stay or hospital volume of thyroid surgery between patients with or without permanent hypoparathyroidism. There was, however, a difference in operation time. Serum calcium was lower at discharge and 6 weeks after surgery in patients with permanent hypoparathyroidism. Uni-and multivariable regression analyses of potential risk factors for permanent hypoparathyroidism are shown in Table 2 . No statistically significant risk factors for permanent hypoparathyroidism were identified. The total number of operations in children per hospital in relation to the annual hospital volume of thyroid surgery during the study period is shown in Table 3 . The majority of operations, 194 (70.8%), were performed in high-volume hospitals.
Rates of readmission and annual number of days in hospital after discharge were similar in patients with and without permanent hypoparathyroidism (Table 4) .
Discussion
When indicated, total thyroidectomy is accepted as the standard surgical procedure for thyroid disease in adults and children [12, 13] . There are few population-based register studies evaluating permanent hypoparathyroidism following total thyroidectomy in children [8] . Some previous studies, mainly single-center studies from specialized institutions, have indicated that thyroid surgery in children is associated with a low complication rate, i.e., permanent hypoparathyroidism of 1.5% [14] . In the present study, the overall frequency of permanent hypoparathyroidism following total thyroidectomy in children was 7.3%. This is a high figure and is a cause of concern. The study was based on combined data from the national surgical quality register (SQRTPA) and the Swedish National Registry for Prescribed Drugs, and therefore, the results should be robust.
A previous population-based study from the Netherlands showed that 25% of pediatric patients undergoing thyroid surgery for differentiated thyroid cancer suffered from permanent hypoparathyroidism [8] . However, some 40% of these patients underwent nodal dissection.
No specific risk factors for permanent hypoparathyroidism were identified in the multivariable logistic regression analysis. Data from numerous studies have indicated that high operation volume is associated with lower complication rate after thyroid surgery [15] [16] [17] [18] . However, data on the individual surgeons' volume could not be analyzed in the present study, since this is not One explanation of the high frequency of permanent hypoparathyroidism could be that some patients, in contrary to single centers series, are operated in low volume hospitals. However, the majority of the operations reported in the present investigation were done in high-volume centers which should provide the individual surgeon with an adequate operation volume per year.
The reason for the high risk of permanent hypoparathyroidism in children is unknown. Risk factors for postoperative hypoparathyroidism were recently reviewed [19] . None of the previously identified risk factors for permanent hypoparathyroidism; Graves' disease, fewer than two parathyroid gland identified during surgery and heavier thyroid specimens were risk factors in the present study.
It is also suggested that children are more difficult to operate anatomically and that surgeon's volume is the most important factor for outcome. For reasons discussed previously, this was not analyzed in the present study.
Furthermore, measures to prevent permanent hypoparathyroidism were analyzed in another systematic review [20] . However, the result was disappointing, and no specific measure was associated with a decreased risk, although most studies were of low quality. In this study, lymph node (LN) surgery was not associated with an increased risk of permanent hypoparathyroidism. On the contrary, even if not significant OR was less than one, i.e., it seems that it was a trend that LN surgery could protect the patients from hypoparathyroidism. The reason for this is unclear but could be that these procedures were done by the most experienced surgeons and or that when doing LN surgery the surgeon was extra careful to preserve the parathyroid glands. If the frequency of permanent hypoparathyroidism in children is high even in the hands of experienced high-volume surgeons new efforts must be taken to try to change this situation. Maybe new methods such as infrared light during thyroid surgery could be one tool [21] . The frequency of parathyroid autotransplantation was 37-40% in this study. If the frequency of autotransplantation was high (too high?) is hard to comment since we have not found any similar studies describing the frequency of parathyroid autotransplantation in children. Further autotransplantation of the parathyroid glands did not protect patients from permanent hypoparathyroidism in this study, and this is supported from a recent study from Spain [22] that showed that autotransplantation did not influence the rate of permanent hypoparathyroidism.
The long-term consequences of permanent hypoparathyroidism, for instance skeletal development, growth mental health and impact quality of life, results in school among others, were not addressed by the present investigation. In the present investigation, the number of readmissions after surgery and the annual number of days in hospital after discharge was used as a proxy for medium term risk for increased comorbidities. No differences in readmissions or annual days in hospital after the thyroid operation were detected in the two groups of patients with a median follow-up time of almost 5 years. However, future morbidity in children treated due to permanent hypoparathyroidism is a cause for great concern.
A number of limitations of the current study are acknowledged. The number of operations was comparatively small, and although the data quality should be high using national registries, this will certainly influence the possibility to detect important risk factors for permanent hypoparathyroidism. The lack of data for the individual surgeon's volume is another important drawback of the study that could not be mitigated.
The rate of permanent hypoparathyroidism following total thyroidectomy in children was high in this populationbased register study and is a cause of concern.
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